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AimVIRAL DENDRIMERS. 
5 FIELD OF THE INVENTION 

This invention relates to antiviral agents, and in particular it relates to dendrimers 
v/bich have been found to have significant antiviral activity against hiunan 
immunodeficiency virus (HTV) and other enveloped viruses. 

10 

BACKGROUND OF THE INVENTION 

It has been established that certain sulfonated polysaccharide compounds have 
antiviral activity when screened against HTV, however these compounds are relatively 
IS unstable and accordingly large amounts of these compounds are required to obtain 
effective antiviral effects. In addition, many of these compounds, including heparin and 
dextian sulfate for example, are potent anticoagulants and because of this activity they 
are not particularly suited for clinical use as antiviral agents. 

20 The present invention provides a new class of antiviral agents based on a 

particular type of polymer referred to herein as a '*dendrtmer", >^ch have substantial 
antiviral activity against HFVl and HIV2, CMV and HSV, and which have substantially 
no anticoagulant activity. These compounds are therefore well suited for prophylactic and 
therapeutic use as antiv iral agents in humans. 

25 

SUMMARY OF THE INVENTION 

According to the present invention, ther6 is provided an antiviral compound 
comprising a deodrimer having a plurality of terminal gjcoaps wherein at least one of said 
30 - terminal groups an anionic- or catipnic-contaimng moiety bonded fhmto. 
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Such a dendrixner is referred to herein as an "anionic or catiomc dendrimer", and 
this term is used throughout this specification and the claims \^ch follow to include not 
only the dendrimers perse^ but also their pharmaceutically or veterinarily acceptable salts, 
for example the alkaline metal or alkaline earth metal salts such as the sodium, potassium 
5 or calcium salts. 

DETAILED DESCRIPTION OF THE INVENTION 

Dendrimers are macromolectilar highly branched compounds formed by reiterative 
10 reaction sequences starting from an initial, core molecule with successive layers or stages 
being added in successive "generations" to build up a three-dimensional, highly ordered 
polymeric compound. A generalised dendrimer structure is shown in Figure 1. 
Dendrimers are chaiacterised by the following features: i an initiator core(I) which may 
have one or more reactive sites and be point-like or of significant size so as to effect the 
15 final topology of the dendrimer, ii layers of branched repeating units attached to the 
initiator core; Ui functional terminal groups(Z) attached to the surface of the dendrimer. 
The present invention uses dendritic structures as frameworks for the ^^rhmf^t of ionic 
moieties; the invention is not limited to the spherical dendrimers described in detail 
herein but can be based on any denidiSc's5uctliSre.^ TSTvanety of dendrimers in both 
20 shape and constitution are well known to persons skilled in the art. 

The preparation of dendrimers is well known, and is described by way of example 
in U.S. Patents Nos. 4,289,872 and 4,410,688 (describing dendrimers based on layers of 
lysine units), as well as U.S. Patents Nos. 4,507,466, 4,558,120, 4,568.737 and 

25 4,587,329 (describing dendrimers based on other units including polyamidoamine or 
PAMAM dendrimers). The dendrimers disclosed in these US patents are described as 
being suitable for uses such as sur&ce modifying agents, as metal chelating agents, as 
demulafiers or oil/water emulsionft, wet strength agents in the mamifricture of paper, and 
as agents for modifying viscosity in aqueous formulations such as paints. It is also 

30 suggested m U.S. Patmts Nos. 4,289,872 and 4,410,688 that the dendrimers based on 
lysine imits can be used as siibstrates for the pre p arati on of phatmaoeuttcal dosages. 
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International Patent Publications Nos. WO 88/01178, WO 88/01179 and WO 
88/01180 disclose conjugates in which a dendrimer is conjugated or associated with 
another material such as a carried pharmaceutical or agricultural material. These patent 
publications together with the U.S. patents mentioned above contain a broad disclosure 
5 of various dendrimers and processes for the preparation thereof, and the disclosure of 
each of these publications is incorporated herein by reference. 

The term *'dendiimer" as used herein is to be understood in its broadest sense, and 
to include within its scope all forms and compositions of these dendrimers as disclosed 
10 in Patent PubUcations Nos. WO 88/01 178, WO 88/01 179 and WO 88/01 180. The term 
also includes linked or bridged dendrimers as disclosed in these patent ptiblications. 

The preferred dendrimers of the present invention comprise a polyvalent core 
covalently bonded to at least two dendritic branches, and preferably extend through at 
15 least two generations. Particularly preferred dendrimers are polyamidoamine (PAMAM) 
dendrimers, PAMAM (EDA) dendrimers and polylysine dendrimers. 

In accordance with the present invention, at least one, and preferably a substantial 
number, of the terminal groups on the surface of the dendrimer has an anionic- or 

20 cadonic-containing moiety covalently bonded thereto. The branches of the dendrimer 
may terminate in amino groiq>s or other functional reactive groi^ such as OH, SH, or 
the like, ^lich subsequently can be reacted with the cadonic and anionic moieties 
forming the outer layer of the dendrimer. Where the tenninal groiqks of the dendrimer 
are amine groups, the anionic- or cadoiuc-containing moiety may be bonded to the 

25 dendrimer by a variety of functional groups including amide and thiourea linkages. 
Prefened amonic- or cationic-containing moieties which may be bonded to die terminal 
grotq)S of the dendrimer include sulfonic acid-containing ihoieties, carboxylic acid- 
containing moieties, trimetiiylammoniiim-contaixung moieties and polyamino-macrocycle- 
oontaimng moieties. 

30 . ■ . '■" 

Suitable anionic- and cationic-containing moieties which may be bonded to the 
amino or other terminal groups of dendrimers include, by way of exanople, the following 
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groups (in which n is zero or a positive integer, more particularly n is zero or an integer 
of from 1 to 20): 

NH<(>%)«SO,' (CH2)«SQ,- ^SO,\ 

CHaCH{SO,lCOOH CHCSOblCHjCOOH ArXrCHg)^- { X - O. S. NH ) 



O O 



COOH 
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HN 
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CO- 
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Particular moieties which may be bonded to the terminal groups of the dendnmer 
in accordance with this invention include alkyl sulfonic acid groups; sulfoacetamide 
groups; sulfosuccinamic acid groups; N-sulfoalkyl succinamide groups, such as N-(2- 
sulfoethyl)succinamide groups; aiyl or heteroaiyl thioureas substituted with one or more 
5 sulfonic acid groups, such as 4-sulfophenylthiourea groups, 3,6-disulfonapthyIthiourea 
groiq)s, 4-suifonapthy!thiourea groups, 3,5-disulfophenyl thiourea groiq>s and 3,6,R- 
trisulfonapthylthiourea groiq>s; aiyl or heteroaiyl amides substituted with one or more 
sulfonic acid, sulfoalkyl, sulfoallcoxy, sulfoalkylamino or sulfoalkyltfaio groups, such as 
4-(sulfomethyl) benzamide groups or 4-sulfobenzamide groiq)s; aiyl or heteroaiyl 

1 0 alkanamides substituted with one or more sulfonic acid groups, such as N-(4-sulf ophenyl) 
propanamide groups; aryi or heteroaryl ureas substituted with one or more sulfonic acid 
groups, such as 4-sulfoph«xyl urea groups; N J4,N-trimethyl derivatives of amino adds, 
such as N J4,N-trimethylglyciiiamide groups; aiyl or heteroarylamides substituted with 
one or more trialkylamino, trialkylaminoalkyl, triallcylaininoalkyloxy, 

1 5 trialky laminoalkylamino or tiialkylaininoalkyltiiio groiq>s, such as 4-trimetfaylanmionium 
benzamide or 4-(trimethylanunonium methyl) benzamide groups; N-(2-acetoxyethyl)- 
NJ^-(dimethylammonium)methylcarboxamide groups; guanidino groups; 4-carboxy-3- 
hydroxyben^lamine groups; or macrocyctic polyamino gnnq)s containing one or more 
macrocyclic rings connected through an alkyl or aiyl spacer moiety to tiie tenninal group 

20 of the dendiimer, such as 4-<[l ,4,8,1 1 -tetraazacyciotetradecane]inethyl)benzamide groups. 



The anionic or cationic dendrimers of this invention may be pr e pare d by standard 
chemical methods which are well known to persons skilled in this art Suitable methods 
are described by way of example in Exan^les 1 to 20 below. 

25 ■ 

As previously described, the anionic or cationic dendrimers of the present 
invention have been found to exhibit significant antiviral activity, particularly against 
HIV. Accordingly, these anionic or cationic dendrimers are useful in prophylactic and 
thersqseutic treatment of viral infections, for example infecticnis by HIVi md HtV2 and 

30 other enveloped viruses including flavtvixuses such as Hepatitis B and H^wtitis C, Bo^ne 
Viral Dianhoea Virus, Human TnfhienTa Vims A and B» Rhinoviniis, Human 
Parainfluenza Vitus, Respiratory Syncytial Virus (RSV), Varicella Zoster Virus (VZV), 
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Human Cytomegalovirus (CMV), Epstein Barr Virus (EBV), Human Papilloma Virus 
(HPV), Adenovirus-8, Herpes Simplex Virus (HSV) type 1 and 2. Measles Vims, and 
Vesicular Stomatitis Virus (VSV). 

5 Thus, in another aspect the present invention provides a pharmaceutical or 

veterinary composition for prophylactic or ther^eutic antiviral treatment of a human or 
non-human animal, vsfech comprises an anionic or cationic dendrimer as broadly 
described above, in association with at least one pharmaceutically or veterinarily 
acceptable carrier or diluent 

10 

The formulation of such compositions is well known to persons skilled in this 
field. Suitable pharmaceutically acceptable carriers and/or diluents include any and all 
conventional solvents, dispersion media, fillers, solid carriers, aqueous solutions, coatings, 
antibacterial and antifungal agents, isotonic and absorption delaying agmts, and the like. 

15 The use of such media and agents for pharmaceuticaUy active substances is well known 
in the art, and it is described, by way of example, in Remington's Pharmaceutical 
Sciences, 18th Edition, Mack Publishing Company, Pemis^vania, USA. Except inso&r 
as any conventional media or agent is incompatible with the active ingredient, use thereof 
in the phannaceutical (x»n^siti^ of the jnesent invention is contemplated. 

20 Si^lementary active ingredients can also be incorporated into the compositions. 



It is especially advantageous to formulate compositions in dosage unit form for 
ease of administradon and uniformity of dosage. Dosage unit form as used herein refers 

25 to physically discrete units suited as unitary dosages for the human subjects to be treated; 
each unit containing a predetermined quantity of active ingredient calculated to produce 
the desired therapeutic effect in association with the required pharmaceutical carrier 
and/or diluent. The specifications for the novel dosage unit forms of the invention are 
dictated by and directly dependent on (a) the unique chaiacteristics of the active 

30 ingredient and the particular therapeutic effect to be achieved, and (b) the limitations 
inliffw^pt in the art of compounding such an active ingredient for the particular treatmeoL 



- 15:44:16 



wo 9S/3459S PCT/AU95rt)0350 

- 7 - 

In another aspect, the present invention provides a method for prophylactic or 
therapeutic treatment of an HTV or other viral infection in a human or non-human animal, 
which comprises administering to said human or animal a prophylactic- or tiicrapeutic- 
antiviral-efFective amount of an anionic or cationic dendrimer as teoadly described above. 

5 

In yet anotiier aspect, this invention provides the use of a prophylactic- or 
thef^utic-antiviral-effective amount of an anionic or cationic d endrim er as broadly 
described above in the prophylactic or ther^utic treatment of, or in tiie m a nuf acture of 
a medicament for prophylactic or therapeutic treatment of an HIV or other viral infection 
10 in a human or non-human animal. 

A variety of administration routes are available. The particular mode selected will ' 
depend, of course, upon the pardcular condition being treated and the dosage required for 
therapeutic efBcacy. The methods of this invention, generally speaking, may be practised 

15 nging any mode of administration that is medically acceptable, meaning any mode that ' 
produces then^utic levels of the active component of &e invention without causing 
clinically unacceptable adverse effects. Such modes of administration include oral, rectal, ' 
topical, nasal, transdermal or parenteral (e.g. subcutaneous, intramuscular and intravenous) ' 
routes. Formulations for oral administration include discrete units such as capsules,^ 

20 tablets, lozenges and the like. Other routes inchide intrathecal adniinistration directly into 
spinal fluid, direct introduction such as by various catbe^ and balloon angioplasty 
devices well known to those of ordinary skill in the art, and intrs^xarencfaymal injection 
into targeted areas. 

25 The compoations may conveniently be presented in unit dosage form and may be 

prepared by any of the methods well known in the art of pharmacy. Such methods 
include the step of bringing the active oomponent into association ^th a carrier which 
consfiftites one or more accessory ingredients." In general, ^ compositions are prepared 
by unifonnly and intimately brmgiog the active eomponem into assbdation widi a Uqmd 

30 caniexi a finely divided solid carrier, or both,^a]xl thai, if neoKsary, stuping ^ product. 
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CompositioDS of the present invention suitable for oral administration may be 
presented as discrete units such as capsules, cachets, tablets or lozenges, each containing 
a predetermined amoimt of the active component, in liposomes or as a suspension in an 
aqueous liquor or non-aqueous liquid such as a syrup, an elixir, or an emulsion. 

5 

Compositions suitable for parenteral administration conveniently comprise a sterile 
aqueous prq>aration of the active component v^ch is preferably isotonic with the blood 
of the recipient This aqueous preparation may be formulated according to known 
methods using those suitable dispersing or wetting agents and suspending agents. The 

10 sterile injectable preparation may also be a sterile injectable solution or suspension in a 
non-toxic parenterally-acceptable diluent or solvent, for example as a solution in 
polyethylene glycol. Among the acceptable vehicles and solvents that may be employed 
are water. Ringer's solution and isotonic sodiiun chloride solution. In addition, sterile, 
fixed oils are conventionally employed as a solvent or suspending medium. For this 

15 purpose, any bland fixed oil may be employed including synthetic mono^r di-glycerides. 
In addition, fatty acids such as oleic acid find use in the preparation of injectabies. 

Other delivery systems can include sustained release delivery systems. Preferred 
sustained release delivery systemis are those i^ch can provicie for release of the active 

20 component of the invention in sustained release pellets or c^isules. Many types of 
sustained release delivery systems arc available. These include, but are not limited to: 
(a) erosional systems in ^A^ch the active component is contained within a matrix, and (b) 
difiusional systems in which the active component penneates at a controlled rate through 
a polymer. In addition, a pun^>-based hardware delivery system can be used, some of 

25 i;^^ are adapted for implantation. 

The active component is administered in prophylactically or therapeutically 
efifective amounts. / A prq;>faylactically or therapeuticaUy effective amount means diat 
amount necessary at least pardy to attain the desired effect, or to delay the onset of, 
30 inhibit the progression of, or hah altogether, the onset or progression of the particular 
condition being treated. Such amounts will depend, of course, on the particular conditicm 
being treated, the severity t>f the condition and individual patient paruneters including 
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age, physical condition, size, weight and concurrent treatment These &ctors are well 
known to those of ordinary skill in the art and can be addressed with no more than 
routine experimentation. It is preferred generally that a maximum dose be used, that is, 
the highest safe dose according to sound medical judgement It will be understood by 
5 those of ordinary skill in the art, however, that a lower dose or tolerable dose may be 
administered for medical reasons, psydiological reasons or for virtually any other reasons. 

Generally, daily oral doses of active component will be from about 0.01 mg/kg 
pier day to 1000 mg^ per day. Small doses (0.01-1 mg) may be administered initially, 
10 followed by increasing doses up to about 1000 mg/kg per day. In the event that the 
response in a subject is insufficient at such doses, even higher doses (or effective higher 
doses by a different, more localised delivery route) may be eo^loyed to the extent patient 
tolerance permits. Multiple doses per day are contemplated to achieve appivpiiate 
systemic levels of compounds. 

15 

Throughout this specification and the claims i^ch follow, unless the context 
requires otherwise, the word "compiise", or variations sudi as "comprises*' or 
"comprising'*, will be understood to iix4>ly the inclusion of a stated integer or group, of 
integers but not the exclusion of any other integer or groi^ of integers. 

20 

Further features of the present invmdon will be i^yparent fitom the following 
Examples \s^ch are included by way of illustradon, not limitation of the invention. In 
the following Examples, P AMAM dendrimers refer to polyamidoamine dendrimers based 
on an anmionia core as detailed in US Patents Nos. 4,507,466, 4,558,120, 4^68,737 and 

25 4,587,329; PAMAM (EDA) dendrimers refer to pc^yamidoamine dendrimers based on 
an ethylene tliamiTie cx>re; and BHAlys^ys^lys, dendrimers refer to polylysine 
unsymmetiical dendrimers based on a benzhydrylaminB cote and lyane branching units 
as desdribed in US Patents Kbs. 4,289,872 and 4,410,688. The polyamidoamine 
dendrimers PAMAM 1.0, PAMAM 2.0, PAMAM 3.0, PAMAM 4.0, PAMAM 5.0 or 

30 higto geoeiation, PAMAM 4.0 (EDA), and the polylysine dcbdiikeis BHAlyslySj, 
BHAlyslys2lys4, BHAly8lys2lys4lys, and BHAlyslys3lys4lyS|lys,«, 
BHAlysly82lys4lystlySt6lysn, BHAlyslySjlys^lys^lysjelysjilysM. or Mg^ gcnetati ns are 
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prepared as described in U.S. Patents Nos. 4^89,872. 4,410.688, 4,507,466. 4,558,120. 
4,568,737 and 4.587,329 and International Patent Publications Nos. WO 88/01178, WO 
88/01179 and WO 88/01180 referred to above. 

5 EXAMPLE 1 Reaction of polymers with 2-acrylamido-2-methyl propane 

sulfonic acid to give sulfonic acid terminated dendrimcrs. 

A. PAMAM l.O 

Solid sodium carbonate (0.1 3g; l.Ommol) was added slowly to a stirred solution 
of 2-acrylainido-2-methyl propane sulfonic acid (0.4 Ig; 2.0nunol) in water (3 m]). 

10 After the evolution of gas had ceased, the pH of the solution was 8.0. A solution 

of PAMAM 1.0 (0.12g; O.33nimol) in water (Iml) was then added to the solution 
followed by the addition of four drops of a 40% aq. solution of benzyl 
trimethylammonium hydroxide. The solution was then heated under nitrogen at 
60® for three days and then concentrated. The residue was purified by gel 

15 filtration (Sephadex GIO; water) and then freeze dried to give the sulfonated 

PAMAM 1.0 dendrimer as an off-white solid (0.51g). *H and "C nmr spectra 
showed a mixture of dialkylated and monoaikylated PAMAM 1.0 dendrimer ( ca. 
70:30). "C nmr (D^O): 6 31.0, 31.1. 37.1, 37.7, 41.3, 48.6, 51.5. 53.1, 53.4. 55.6. 
56.2, 61.2, 61.5; I78:3ri79:0rl79:8r 

20 

B. PAMAM 2.0 (Compound No. 20) 

PAMAM 2.0 was reacted with 2-acrylamido-2-methyl propane sulfonic acid as 
described above. The crude product was purified by gel filtration (Sephadex GIO; 
water) and then freeze dried to give an off-white solid. and '^C nmr spectra 
25 showed a mixture of dialkylated and monoaikylated PAMAM 2.0 dendrimer ( ca. 

65-J5). »C nmr (DjO): S 31.0, 31.1, 37.1. 37.7, 41.3, 48.7. 51.5. 53.4. 55.6, 56.2, 
610, 61.5, 178.4, 179.0, 179.1, 179.6. When the above reaction was repeated 
omitting the benzyhrimethyl-ammoniuni hydroxide a similar result was obtained. 

30 C, PAMAM 3.0 

PAMAM 3.0 was reacted with 2-acrylamido-2-methyl propane sulfonic add as 
above except that a slight excess of sodium carbonate was used and the 
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benzyltrimethylanunonium hydroxide was omitted. 'H and "C nmr spectra showed 
a mixture of dialkylated and monoalkylated PAMAM 3.0 dendrimer ( ca. 50:50), 
"C nmr (DjO): 6 31.0, 31.1. 36.9. 37,4, 41.1. 48,6, 51.5, 53.4, 55.7. 56.2, 61.1, 
61.5, 178.2. 178.9. 179.0, 179,8. 

5 

D. PAMAM 4.0 

PAMAM 4.0 was reacted with 2-acrylamido-2-methyl propane sulfonic acid as 
described for PAMAM 3.0. 'H and nmr spectra showed a mixture of 

' dialkylated and monoalkylated PAMAM 4.0 dendrimer ( ca. 35:65). "C nmr 
10 (DjO): 6 31,0. 31.1. 36.9. 37.3, 41.1. 48.5. 51.5. 53.5, 55.7, 56.2. 61.1, 61.5, 

178.1, 178.9. 179.0. 179,8. 

EXAMPLE 2 Preparation of sodium snlfoacetamide terminated dendriiners. 

15 A. PAMAM 1.0 

A solution of 4-mtrophenyl bromoacetate (0,40g; l.Smmol) in dry DMF (1ml) 
was added to a stirred solution of PAMAM 1.0 (0.1 8g; 0.5mmol) in DMF (3ml). 
The resulting yellow solution was stirred for 20 hours at room temperature, wbsn 
a ninhydrin test was negative. The solution was concentrated (30"/ O.lmmHg) to 
20 give a yellow oil. This oil was partitioned between water and chloroform and the 

aqueous layer separated and washed with chloioform (2X) and finally with ethyl 
acetate. The aqueous solution was concentrated (35®/ 25mmHg) to give the 
brcMnoacetylated PAMAM 1.0 dendrimer as a yellow oil (0.36g;100% ). "C nmr 
(DjO): 6 32.8, 33.3. 43.0, 43.5. 54.4, 174.5. 176.4. 
>5 ■ ' ' 

A solution of sodhmi sulfite (0.2g; 1.6mniol) in water (1ml) was added to a 
solution of the biomoacctylated PAMAM 1.0 dendrimer described above (0.36g; 
0.5mmol) in water (5ml) and the solution left to stand at rockm temperature for 
elcvca days. The yellow solution was concentrated to ^vc a yellowish solid 
30 (0.60g). "C nmr (DjO): 6 34.4, 43.1, 43.4, 54.0, 61.7, 1713, MIX 
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The above reaction sequence could be carried out without isolating the 
bromoacetyiated dendrimer by simply adding the sodium sulfite solution to die 
crude aqueous extract obtained from the first reaction. 



5 B. PAMAM 2.0 
Method 1: 

A solution of 4-nitrophenyl bromoacetate (O.ISg; 0.7mmol) in dry DMF (1ml) 
was added to a stirred solution of PAMAM 2.0 (O.IOg; O.lmmol) in DMF (3ml). 
The resulting yellow solution was stirred for 20 hours at room ten^)erature; v/hea 

10 a ninhydrin test was negative. The solution was then added with swirling to water 

(150ml) and the mixture extracted with chloroform (3X) and ethyl acetate. A 
solution of sodium sulfite (O. Ig; O.SmmoI) in water (1ml) was added to the crude 
bromoacetyiated dendrimer solution and the mixture allowed to stand for three 
days at room temperature. The yellowish solution was then concentrated to give 

15 a yellow solid residue, which was purified by gel filtration (Sephadex LH20; 

water) to give the sodium sulfoacetamide terminated PAMAM 2.0 dendrimer 
(103mg). "C nmr (DjO): 5 33.0, 35.7, 36.0, 37.7, 40.3, 43.0, 43.2, 53.4, 53.7, 
56.0, 61.6. 171.2, 174.6. 178.5. 

20 Meftod 2: 

Solid succinimidyt acetylthioacetate (67mg; 0.33mmol) was added to a solution 
of PAMAM 2.0 (S2mg; 0.05mmol) in dry DMF (2ml) and the resulting solution 
stirred at room ten^rature for two days. The mixture was then concentrated 
(SOVlO'^nunHg) to give an oily residue. The residue was partitioned between 

25 water and chloroform, and the water layer separated and concentrated to give a 

viscous oil (n7mg). and nmr showed the oil to be a mixture of tiie 
acylated dendrimer and N-hydroxy sucdnimide. Gel filtration (Sephadex GIO; 
water) provided a pure sample of the acetylthioacetaniidc terminated PAM^ 
dendriincr (29mg). "C nmr (DjO): 5 34.0, 34.2, 373, 43.0, 43.1, 43.3, 53.5, 54.0. 

30 563. 175.4.177.2, 177.5. 
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A solution of the above functionalised dendiimer in 40% aqueous formic acid 
(7ml) was then added to an ice cold freshly piepared solution of peifoimic add 
(1 .6mmol) in formic acid (2ml). The mixture was stirred for one hour at 0® and 
then for twenty hours at room temperature. A small amount of activated charcoal 
5 was then added to decon4>ose any excess peradd, the mixture stirred for 30 

minutes then filtered and concentrated to give a viscous oil. The crude product 
was dissolved in water, the pH adjusted to 9.0 with aqueous sodiimi bicarbonate 
and the material desalted by passage through a column of Sq>hadex GIG. A i^^te 
solid (2Qmg; ) was obtained after lyophylisation uiiich was spectroscopically 
10 ' essentially the same as the material obtained by method 1. "C nmr (Dj): 5 33.0, 
38.7, 42.9, 43.0, 43.1. 53.9, 54.3, 56.5. 61.6, 171.2. 176.4, 177.0. 

EXAMPLE 3 Prqparation of sodium sulfosuccinamic acid terminated 

dendrimen 

15 

A. PAMAM 1.0 

Solid maleic anhydride (0.1 Ig; 1. Immol) was added to a stirred solution of 
PAMAM 1.0 (0.12g: 0.33mmol) in dry DMF (3ml). The mixture became a little 
warm and brownish as the anhydride dissolved and the resulting solution was 
20 stirred overnight at room temperature. The solution was then concentrated (30^/1 0* 

^mmHg) to give a viscous oil. *H and '^C nmr (DjO) showed conq>lete conversion 
of the PAMAM 1.0 to the trisamide together with some maldc add. "C mm 
(DjO): 5 33.1, 42.8, 43.1, 54.3, 135.0, 137.1, 169.1, 171.9, 173.3. 

25 The crude trisamide was then dissolved in water (4ml) and solid sodium sulfite 

(0.20g; 1.6mmoi) added. The resulting solution was allowed to stand at room 
temperature for four days and then concentrated. *H and ^'C nmr (DjO) showed 
a 1:1 mixture of the regioisomeric sodium sulfosuccinamic acid termiiated 
PAMAM 1.0 dendrimers together with some sulfosuccinic add. The crude product 

30 was purified by gel filtration (Sephadex Ql.0; water) to afford a sample of the 

sodium sulfosuccinamic add terminated PAMAM 1.0 dendrimers (107ing). 
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nmr (D^O): 5 33.3, 39,6, 40.0, 42.9. 43.1, 54.0, 67.9, 69.4, 173.8, 176.3. 177.6, 
181.8. 

B. PAMAM 2.0 

5 A mixture of the regioisomeric sodium sulfosuccinamic acid terminated PAMAM 

2.0 dendrimcrs was prepared as described above. "C nmr PAMAM 2.0 maieamic 
acid derivative (DjO): 6 32.8, 33.0, 38.7. 42.9. 53.8, 54.3, 56.5, 135.2, 136.8. 
169.2, 171.9, 173.5, 174.6. '^C nmr PAMAM 2.0 sodium sulfosuccinamic acid 
derivatives (DjO): S 37.0. 40.1. 41.1, 43.0, 43.2. 43.9, 53.0, 53.3. 55.5. 68.0. 69,4. 
10 173.8, 177.6, 179.1, 179.5, 179.8. 182.3. 

C. PAMAM 4.0 (Compound No. 14) 

Solid maleic anhydride (60mg; 0.6nmiol) was added to a stirred solution of 
PAMAM 4.0 (Slmg; O.Olmmol) in dry DMF (2ml). The mbcture initially became 

15 cloudy but soon gave a clear solution which was stirred overnight at room 

temperature. The solution was then concentrated (35V10'*mmHg) to give a viscous 
oiL 'H and "C nmr (DjO) showed complete conversion of PAMAM 4.0 to the 
poWamide together with some maleic acid. The crude polyamide wbs then 
dissolved in water (2ml) and a solution of sodium sulfite (126mg; l.Ommol) in 

20 water (2ml) added. The resulting solution was allowed to stand at room 

temperature for two days and then concentrated. *H and "C nmr (DjO) showed 
a mixture of the regioisomeric sodium sulfosuccinamic acid terminated PAMAM 
4.0 dendtimers together with some sulfosuccinic acid. The crude product was 
purified by gel filtration (Sephadex LH20; vrater) to afford a san^)le of PAMAM 

25 4.0 terminated with 24 regioisomeric sulfosuccinamic acid groups (90mg). *H nmr 

(DjO): 6 2,4-2.6; 2.7-3.1; 3.2-3.4; 3.9-4.0.**C nmr (DjO): 6 36.2; 39.8; 40.5; 43.0; 
43.2; 53.5; 55,8; 68.1; 69.5; 173.8; 177.4; 177.6; 178.7; 182.3. 



30 EXAMPLE 4 Pr«paratioii of sodium N-<2-salfoethyl)svcciiiamlde terminated 

dcndrimen 
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a. Preparation of tetrabutylammonium N-(2-sulfoethyl)succiiiainic acid 

Solid succinic anhydride (0.50g; S.Ommol) was added to a stirred solution of 
tetrabutylammonium 2-an2inoethylsulfonic acid (1.83g; S.Ommol) in diy 
5 dichloromethane (3Qml). The succinic anhydride slowly dissolved and the resulting 

cloudy solution was stined ovemi^t at room temperature. The mixture was 
filtered and the filtrate concentrated to give a viscous oil (2.4 Ig). "C nmr showed 
complete conversion to the desired monoamide together with a small amount of 
:^ succinic acid. Repeated precipitation of the product by dropwise addition of a 

10 dichloromethane solution to a large excess of diethyl ether gave 

tetrabutylanmionium N-(2-sulfoethyl)succinamic acid as a ^>^te solid (1.762g; 
76% ). mp 125-127«C. 1 H nmr (CDClj): 5 0.86 (t, 12h. 4XCH3), 1.28 (m, 8H, 
4XCH2). 1.50 (m, 8H, 4xCU0, 2.33 (m, 2H. CHjCOOH), 2.44 (m. 2H, 
CH2CONH)..2.76 (m, 2H, CHjNHCO), 3.12 (m, 8H, 4xCH,N), 3.50 (m, 2H, 

15 CH2SO3-), 7.53 (br t, IH, NH). "C nmr (CDCI3): 5 13.5, 19.5, 23.8, 30.1. 30.9, 

35.6, 50.0, 58.5, 172.0, 174.1. 

b. Preparation of tetrabutylammonium 4-nitrophenyl N-(2-sulfoethyl)-5ucciiiamate 

20 A solution of dicyclohexylcarbodiimide (45mg; 0.22inmol) in dry dichloromethane 

(1ml) was added to a stirred solution of tetrabutylammonium N-(2- 
sulfoethyl)succinamic acid (94mg; 0.20mmol) and 4-nitrophenol (28mg; 
0.20mmol) in dichloromethane (2inl), and the mixture stirred overnight at room 
temperature. The resulting suspension was filtered and the filtrate concentrated to 

25 give the crude active ester, which was used without further purification. 

A. Preparation of sodium N-(2-sulf6ethyl)succinamide terminated PAMAM 
dendrimers 

30 PAMAM 4.0 

A solution of the crude tetrabutylammonium 4-nitTOphetiyl N-(2- 
suifbethyl)succinatnate (0.30mniol) in dry DMF (1ml) was added to a stirred 
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solution of PAMAM 4.0 (51.5mg; O.Olmmol) dissolved in 50% aqueous DMF 
(3ml) and the resulting yellow solution stirred overnight at room temperature. The 
mixture was then concentrated (35°/ lO'^mmHg) and the yellow residue partitioned 
between water and chloroform. The water layer was separated, washed with 
5 chloroform (2X) and ethyl acetate, and then concentrated to give a yellow oil 

(134mg). The crude product was converted to the sodium salt by passage through 
a column of Amberlite IR- 120(Na) to yield 85mg of material. This material was 
furftcr purified by gel filtration (Sephadex LH20; water) to give the sodiimi 
N-(2-sulfoethyl)succinanude terminated PAMAM 4.0 dendrimer (45mg). "C nmr 
10 CDjO): 5 33.2, 33.6, 35.5, 39.0, 39.5, 42.8, 43.2, 53.8, 54.1, 54.4, 56.6, 176.5, 

176.9. 177.2, 178.9, 179.4. 



The corresponding PAMAM 1 .0 and PAMAM 3.0 dendrimers terminated with 
sodium N-(2-sulfoethyl)succinamide groups were similarly prepared. nmr 
15 PAMAM 3.0 derivative (D^O): 5 33.4, 35.5. 39.0, 39.5, 42,9, 43.2. 53.8, 54.1, 

54.3, 56.5, 176.4, 176.9, 177.4. 178.9. 179.4. 

nmr PAMAM 1.0 derivative (D^O): 5 34.9, 35.5, 39.5, 42.9, 43.1, 53.7. 54.1, 
179.0. 179.1. 1793. 

20 B. Preparation of sodium N-(2-sulfoethyl)succinamide terminated polylysine 
dendrimers. 

BHAlyslySilysJysglys,« 

Trifiuoroacetic acid (1ml) was added to a suspension of BHAlyslys2lys4lyS|DBL|6 
25 (36.5mg; 5.0^mol) in dry dichlorometbane (Imi) and the resulting solution stirred 

at room temperature under nitrogen for two hours and then concentrated. The 
residue was dissolved in dry DMSO (2ml) and the pH adjusted to 8.5 with 
trietbylaminB. A solution of the crude tetrabutylammonium 4-nttrophenyl 
N-(2-9ilfoethyl)succinamate (ca. 0.2mmol) in DMSO (1ml) was then added 
30 dropwise and the mixture stirred ovemig^ at room t emp ct at ure. . The yellow 

solution was then concentrated (50**/l O^^mmHg) and the yellow leadue pattitioDed 
between water and chloroform. The aqueous layer was separated, washed with 
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chloroform (3X) and ethyl acetate, and then concentrated to give an oil (99mg)- 
The crude product was converted to the sodium salt by passage through a column 
of Amberlite IR 120(Na) to yield 81mg of material. This material was fiather 
purified by gel filtration (Scphadex LH20; water) to give the sodium 
5 N-<2-sulfoethyl)succinamidetciminatedBHAlyslys2lys4lysglyswdendrm 

»C nmr (DjO): 5 27.0, 32,3, 35.2, 35.3, 35.6, 35.7, 39.5, 43.5. 54.1, 58.5, 131.5, 

132.0. 133.3. 145.1, 177.8. 178.0, 178.4, 178.8, 178.9, 179.2. 179.7. 179.8. 

The corresponding BHAlyslysj, BHAlyslys2lys4 and BHAlyslys2iys4lys, terminated 
10 with sodium N-(2-sulfoethyl)succinamide grotq)S were similarly prepared. 

"C nmr BHAlyslys2lys4lys. derivative (DjO): 5 26.9, 32.3. 35.1, 35.3, 35.6, 35.7, 
39.5, 43.5, 54.1. 58.5. 131.6, 131.9, 132.2, 132.3. 133.2, 133.3, 145.0, 145.2, 
177.2. 177.8, 177.9. 178.0. 178.2, 178.3, 178.6. 178.7, 178.8, 178.9, 179.2. 179.3; 
179.7. 179.8. 

15 nmr BHAlyslys2lys4 derivative (D^O): 5 26.9, 32.3, 35.1, 35.4, 35.7, 35.8. 

39.5, 43.5. 54.1. 58.5. 61.8, 131.7. 132.0, 132.2, 132.3, 133.2, 133.3, 145.0, 

145.1, 177.3, 178.0. 178.3, 178.4. 178.7. 178.9, 179.0, 179.3, 179,7, 179.8. 
«C nmr BHAlyslySj derivadve (DjO): 5 26,9, 27.1, 32.2, 32.3, 34.7, 34,8. 35.1. 
35.3, 35.6, 35.7, 39.5, 43.4, 54.1, 58.6, 61.8, 131.7. 131.9. 132.2, 132.3, 133.3, 

20 144.9, 145.0, 177.7, 178.4. 178.8, 179.0, 179.3. 180.0. 

EXAMPLES Preparation of sodium 4-9ulfopheDyttbioiirea terminated 

dendrimers 

25 A. PAMAM 4.0 (Compound No. 1) 

Solid sodium 4-sulfo|^ienyUsothiocyanate monohydtate (500mg; 1.96mmol) was 
added to a sohxtion of PAMAM 4.0 (300mg; 0.0582nmiol) in water (10ml) and 
tyjftnltiTig snhitSnn heated under nitrogen at S3* for two hours and tfaca COOlcd. 
The solution was concentrated and' the yeUow solid readne purified by gel 

30 filtration (Sephadex IJ120; water). The pure fra^ 

dried to give the sodium 4-sulfopiheiiyl^ourea terminated PAMAM 4.0 deodrimer 
as a fluffy white soUd (370mg). >H nmr (DjO) : 5 2.28; 2.52; 2.69; 3.15; 3^7; 
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3.60; 7.32 (d, J-9H2); 7.72 (d, J-9Hz). nmr (Dfi) : 6 36.9; 41.1; 43.1; 48.3; 
53.6; 55.8; 129.0; 131.1; 144.4; 178.5; 179.1; 184.4. 

The corresponding PAMAM 1.0 and PAMAM 2.0. PAMAM 3.0 and PAMAM 
5 5.0 (Compound No. 2) dendrimers terminated with 3, 6, 12 and 48 sodium 

4-sulfophenylthiourea groups respectively were similarly prqxared. 



B. PAMAM 4.0 (EDA) (Compound No. 3) 

Solid sodium 4-sulfophenylisothiocyanate monohydrate (130mg; 0.5mmol) was 
1 0 added to a solution of PAMAM 4.0 (EDA) (69mg; 0.0 1 nmiol) in water (4ml) and 

the resulting solution heated under nitrogen at 53^ for two hours and then cooled. 

The solution was concentrated and the solid residue purified by gel filtration 

(Sephadex LH20; water). The pure fractions were combined and freeze dried to 

give PAMAM 4.0 terminated with 32 sodium 4-sulfophenytthiourea groups as a 
15 fluffy white soUd (136mg). 'H nmr (DjO) : 5 2.30; 2.50; 2.70; 3,18; 3.62; 7.35 

(d, J=9Hz); 7.72 (d, J=9Hz). "C nmr (Dp) : 6 36.8; 41.0; 43.1; 48.4; 53.6; 55.7; 

128.9; 131.0; 144.3; 178.5; 179.0; 184.5. 

C. BHAlyslys2lys4lysalys,5 (Compound No. 4) 

20 Trifluoroacetic acid (4ml) was added to a 5Uq>easion of BHAlyslysjlysAlySgDBLis 

(0.73 g; O.lmmol) in dry dichloromethane (4ml) under nitrogen. A vigorous 
evolution of gas was observed for a short time and the resulting solution was 
stirred at room temperature for two hours and then concentrated. The residual 
syrup was dissolved in water (5ml), the solution passed through a column of 

25 Amberlite IRA-^OUOH) and the filtrate concentrated to give 

BHAlyslys2ly54lys,lys,« as a viscous oil (0.49g). The oil was redtssolved in water 
(5ml) and N^-dimethyl-N-allylamine buffer (pH 9.5; 3mi) added. SoUd sodium 
4-sulfophcnylisothiocyahate monohydrate (1.30g; 5.iimiiol) was then added and 
the resulting solution heated under nitrogen at 53^ for two hours and then cooled. 

30 The solution was concentrated and the brownish solid residue purified by gel 

filtration (Sephadex LH20; water). The pure fractions were oomt^ned, passed 
throu^ a column of Amberlite IR 120(Na) and freeze dried to give the sodium 
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4-5uifophenylthiourea terminated BHAlyslysjiys^lysjlysig deadnmer as a fluffy 
white solid (374mg). 'H nmr (D^O) : 6 1.40; 1.72; 3.08; 3.42; 4.24; 4.60; 7.30; 
7.40 (d, J=9H2); 7.78 (d, J=9Hz). "C nmr (Dfi) : 6 27.3; 32.5; 35.9; 43.7; 48.9; 
58.6; 63.3; 128.8; 131.0; 143.7; 144.7; 145.1; 177.7; 178.1; 183.8; 185.2. 

5 

The corresponding BHAlyslys2iyS4lyss, BHAlyslysjlySfiystlySielysjs (Compound 
No. 5), and BHAlyslys2lys4lyS|lys,8iys32tys^ (Compotmd No. 6) dendrimers 
tenninated with 16, 64, and 128 sodium 4-sulfopheoyItiuourea groups 
respectively were similarly prepared. 

10 ^ 

EXAMPLE 6 Preparation of sodium 3,6-disulfonapthyIthioQrea terminated 

dendrimers 

PAMAM 4.0 (Compound No. 9) 

Solid sodium 3,6-di5ulfom9thylisothiocyanate (160mg; 0.41mmol) was added to 
a solution of PAMAM 4.0 (51mg; 0.01 mmol) in water (3ml) and the resulting 
solution heated under nitrogen at 53*' for two hours and then cooled. The solution 
was concentrated and the brown solid residue purified by gel fihxation (Sephadex 
LH20; water). The pure fractions were combined and concentrated to give the 
sodium 3,6-disuIfonapthyhhiourea tenninated PAMAM 4.0 dendrimer as 'a 
brownish soUd (73mg). 'H nmr (Dp) : 6 2.30; 2.60; 2.74; 3^0; 3.57; 7.75; 7.86; 
8.28. ''C nmr (DjO) : 6 35.0; 39.9; 43.1; 48.1; 53.8; 56.1; 128.4; 128.6; 129.3; 
131.0; 131 J; 136.0; 136.8; 138.2; 145.5; 146.0; 177.2; 177.8; 185.5. 



A. 

15 
20 



The corre^xmding PAMAM 2.0 dendrimer tenninated with sodium 3,6- 
25 disulfonapthyhhiourea groups was similarly prepared. 

B. PAMAM 4.0 (EDA) (Compound No. 11) 

Solid sodium 3,6^disu]fo!niuptfaylisothiocyanate (220mg; 0.57mmoi) was added to 
a solutian of PAMAM 4.0 (EDA) (74mg; b.Olmmol) in water (4ml) and the 
30 lesuhing solution hedted under nitrogen at 53° for two hours an^ then cooled. The 

solution was concentrated and die brownish solid residue purified by gel filtration 
(S^hadex LH20; water). The pure fiactions were coinbined aod concentrated to 
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give PAMAM 4.0 tenninated with 32 sodium 3,6-disiilfon^thylthiouTea groups 
as a tan soUd (148mg). *H nmr (DjO) : 5 2-30; 2.80; 3.20; 3.54; 7.74; 7.85; 8.25. 
•'C nmr (Dfi) : 6 36.0; 40.8; 43.1; 48.3; 53,6; 55.9; 128.5; 129.4; 131.0; 131.3; 
136.0; 136.8; 138.3; 145.5; 146.0; 178.2; 185.6. 

5 

C. BHAlyslys2lys4lys,lys,5 (Compound No. 12) 

Trifluoroacetic acid (2ml) was added to a suspension of BHAlyslys2lys4lys,DBL,4 
(73mg; O.Olnunol) in diy dichloromethane (2ml) under nitrogen. A vigorotis 
evolution of gas was observed for a short time and the resulting solution was 

10 stirred at room temperature for two hours and then concentrated. The residual 

syrup was dissolved in water (5ml), the solution passed through a column of 
Ambertite IRA-401(OH) and the filtrate concentrated to give 
BHAlyslySjlys^lySglysis as a viscous oil. The oil was redissolved in water (5ml) 
and N^-dimethyl-N-aliylamine buffer (pH 9.5; 3ml) added. Solid sodram 3,6- 

15 disulfonapthylisothiocyanate (234mg; 0.60mmol) was then added and the 

resulting solution heated under nitrogen at 53° for two hours and then cooled. The 
solution was concentrated and the brownish solid residue purified by gel filtration 
(Sephadex LH20; water). The pure fractions v/cte combined, passed through a 
cotunm of Amberlite IR 120(Na) and freeze dried to give BHAlyslys2lys4lys,lySi£ 

20 tenninated with 32 sodium 3,6-disulfon2^thylthiourea groups as a flufiy off-white 

soUd (119mg). »H nmr (DjO) : 5 1.0-2.0; 3.18; 3.43; 4.31; 7.22; 7.80; 7.89; 8.25. 
'^C nmr (D^O) : 6 27.2; 32.4; 35.3; 43.7; 49.0; 58.5; 63.6; 128.4; 129.1; 131.4; 
136.1; 136.6; 138.6; 139.0; 145.1; 145.6; 178.4; 184.8; 186.7. 

25 EXAMPLE 7 Preparation of sodium 4-sulfonaptfaylthloiirea terminated 

dendrimers 
PAMAM 4.0 (Compound No. 8) 

Solid sodium 4-sulfonapttiylisotfaiocyanate (ISOmg; O.Smmol) was added to a 
solution of PAMAM 4.0 (5 Inig; O.Olmniol) in water (5mi) md tiie mixture he^^ 
30 under mtfogen at 53*^ for two hours and then cooled. The water was distilled 

under reduced pressure from &e resulting suspension and the oft white solid 
residue purified by gel filtration (Sephadex LH20; water). The pure fractions were 
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combined and freeze dried to give the sodium 4-siilfonapthylthiourea tenninated 
PAMAM 4.0 dendrimer as a fluffy white solid (60mg). mnr (DjO) : 6 220; 
2.60; 3,14; 3.48; 7.23; 7.47; 7.56; 7.77; 7.93 (d, J=6Hz); 8.56 (d, J=6Hz)."C mnr 
(DjO) : 6 35.8; 40.5; 43.1; 48.4; 53.6; 55.9; 127.6; 128.6; 130.3; 131.9; 132.5; 
5 133.5; 134.7; 140.5; 142.7; 177.8; 178.0; 185.4. 

EXAMPLE 8 Preparation of sodium 3,5-disnlfoplienylthiourea terminated 

dendrimers 

10 - PAMAM 4.0 (Compound No. 7) 

:^ Solid sodium 3,5-disulfophcnylisothiocyanate (1 lOmg; 0.32mmol) was added to 

a solution of PAMAM 4.0 (63mg; 0.012mmol) in water (3ml) and the resulting 
solution heated under nitrogen at 53^ for two hours and then cooled. The solution 
was concentrated and the brownish solid residue purified by gel filtration 

15 (Sephadex G25; water). The pure fractions were combined and concentrated to 

give PAMAM 4.0 terminated with 24 sodium 3,5-disulfophenylthiourea groups 
as an ofF-\s^te solid (llOmg). nmr (D2O) : S 2.53; 3.08; 3J6; 3.66;; 7.90; 
7.95. ^^C nmr (DjO) : 6 34.8; 41.0; 43.1; 48.0; 53.7; 56.2; 124.1; 128.6;. 143.5; 
148.8; 177.6; 185.0. 

20 

EXAMPLE 9 Preparation of sodium 3, 6, 8-trisalfonaphthyltiuonrea 

terminated dendrimen 

PAMAM 4.0 (Compound No. 10) 
25 Solid sodium 3, 6, 8-trisulfonaphlhylisothiocyanate (250ing; O.Smmol) was added 

to a solution of PAMAM 4.0 (5lmg; O.Olmmol) and N^-dimethyl-N-allylomine 
buffer (pH 9.5; 1ml) in water (2ml) and die mixture heated undar nitrogen at 53** 
for two hours and then cooled. The mixture, was oonceoliated under reduced 
ptessan to give an orange solid. The residual solid was dissolved in water (2ml) 
30 and passed throng a short column of Amberlite IR-120^a). The filtr^ was then 

concentrated and thie residue purified by gel filtration (Sephadot LH20; water). 
The pure fractions were combined and freeze dried to give the sodium 3, 6, 8- 
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tiisulfonaphthylthiourea terminated PAMAM 4.0 dendrimer as an off-white solid 
(102nig). nmr (DjO) : 6 2.65; 3.02; 3.30; 3.66; 8.05; 8.42; 8.59; 8.67. ^^C 
nmr(D20) : S 33.2; 38,7; 43.2; 43.7; 47.8; 54.0; 54.3; 56.7; 131.0; 131.3; 131.9; 
135.9; 138.0; 139.6; 143.8; 144.1; 145.6; 176.2; 176.5; 186.0. 

5 

EXAMPLE 10 Preparation of sodium 4-(sulfoinethyI)beiizanude terminated 
dendrimers 



PAMAM 4.0 (Compoxmd No. 13) 

10 Solid 4-aitrophenyl 4^chloromethyl)benzoate (200mg; 0.68mmol) was added to 

a stirred solution of PAMAM 4.0 (70mg; O.OHmmol) in dry DMSO (4ml) and 

the resulting yellow solution stirred at room temperature for two hours. The 

-4 o 

solution was then concentrated (10 nmiHg; 40 ) and the residue extracted with 
a mixture of water and dichloromethane (1 :1). The remaining solid material was 

15 dissolved in DMSO (5ml) and a solution of sodium sulfite (I30mg; Immol) in 

water (3ml) added. The slightly cloudy mixture that resulted was left to stand for 
four days, after which time the addition of more water (2ml) resulted in the 
formation of a clear homogeneous yellow solution. The solution was then 
concoittated; 'fixst m^25mj^ and 40^ then^at" 1 O^^mmHg and 50^^to "give the 

20 crude product The crude product was purified by gel filtration (Sephadex G25; 

water) to give PAMAM 4.0 tenninated with 24 sodium 4-(suIfomethyl)benzaniide 
groups (24mg). nmr (D2O) : 6 2.25; 2.66; 3.08; 3.20; 3.33; 3.38; 4.01; 7.40 
{he d); 7.62 (br d). ^^C nmr (DjO) : 6 36.7; 40.9; 43.0; 43.6; 53.5; 55.5; 61.0; 
131.6; 135.0; 137.2; 140.4; 174.5; 178.6; 179.2. 

25 

EXAMPLE 11 Preparation of 4-siilfobeiizamide terminated dendrimers 
PAMAM 4.0 (EDA) 

Solid potassium N-hydroxysuccinimidyl 4-sidfobenzoate (lOOmg; O^tmnol) was 
30 added to a solution of PAMAM 4.0 (EDA) (35mg; 0.005mmol) in O.IM pH 8.5 

borate buffer (5ml) and the solution stirred at room temperature for two hours. 
The resulting milky sohition at this stage had a pH of 4.5. IM Sodium carbonate 
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solution (Iml) was then added to give a clear solution ^^cfa was concentrated to 
give the crude product as a vMte solid. The crude product was purified by gel 
filtration (Sephadex G25; water) to give PAMAM 4.0 (EDA) terminated with 32 
sodium 4-sulfobenzamide groups (47mg). *H nmr (D2O) : 6 2^5; 2.42; 2.63; 
5 3.05; 3.18; 3.31; 3.38; 7.72 (d. J=8Hz); 7.78 (d, J=8Hz). ^^C nmr (DjO) : 6 36.0; 

40.4; 43.0; 43.7; 53.7; 55.8; 130J2; 132.2; 140.4; 150.1; 173.6; 178.0; 178.5. 



EXAMPLE 12 Preparation of Sodium N-(4-su]fopfaeiiyl)propanamide 
terminated dendrimers 



10 



PAMAM 4.0 (EDA) 

Solid sodium N-(4-sulfophenyl)aciyiamide (250mg; Immoi) and solid sodium 

carbonate (I06mg; Immol) were added successively to a stirred solution of 

PAMAM 4.0 (EDA) (78mg; 0.01 ImmoI) in water (4ml). The resulting solution 

15 was stirred under nitrogen for four days and then freeze dried to give a flu£^ 

v/bitc solid. The crude product was purified by gel filtration (Sephadex LH20; 

water to give PAMAM 4.0 (EDA) terminated with 64 sodium N-(4-' 

13 

sulfophenyl)propanamide groins (206mg). C nmr showed a faint trace of what 
was taken to be mono alkylated terminal amino groups. nmr (D2O) : 6 2.10; 
20 2.48; 2.58; 2.79; 3.20; 7.42 (d, J=7Hz); 7.65 (d, J=7H2). ^^C nmr (DjO) : 6 36.5; 

37.9; 41.1; 53.4; 55.6; 124.8; 130.9; 143.0; 144.2; 177.4; 178.5. 

EXAMPLE 13 Preparation of Sodium 4-sulfopheaylnrea tenninated 
dendrimers 

25 

PAMAM 4.0 (EDA) 

A solution of sodium sulfanilic acid (195mg; Immol) in dry DMSO (3ml) was 
added diopwise to a solution of N^hT- disticcimmidyl ceoiMnate (530mg; 2inmol) 
m dry DMSO (4mi) and the resulting brownish solution stirred at roam 
30 teii4>entture for 20 hours. A solution of PAMAM 4.0 (EDA) (75mg; 0.01 limnol) 

in dry DMSO (Iml) added and ^ solution stirred for a further 18 hours. The 
solution was tben concentrated under high vacuum (10 ^mmHg; 35^) to give a 
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yellowish semi solid. The crude product was dissolved in DMSO (4ml) and the 
solution added to 200nil of well stirred ethyl acetate. The precipitated white solid 
was collected by filtration and washed with ethyl acetate (2X) and ether (2X). 
then dried to give a white powder (275mg). This material was further purified by 
5 gel filtration (Sephadex LH20; water) to give PAMAM 4.0 (EDA) terminated with 

32 sodium 4-sulfophenylurea groins (106mg). H nmr (D2O) : 6 2.31; 2.55; 2.75; 
3.19; 7.32 (d, J=9Hz); 7.63 (4 >=9Hz). ^^C nmr (D2O) : 6 36.3; 40.7; 43.3; 43.8; 
53.7; 55.7; 123.3; 130.9; 140.9; 146.0; 161.4; 178.2; 178.6. 

10 EXAMPLE 14 Preparation ofN,N,N-trimcthylglycinamide chloride terminated 

dendrimers. 

BHAlyslySjlys^lySglysjc (Compound No. 15) 

Trifluoroacetic acid (4ml) was added to a suspension of BHAlyslys2lys4lys,DBL,6 
15 (220mg; 30^mol) in dry dichlorometiiane (2ml) and the resulting solution stirred 

at room temperature under nitrogen for two hours and then concentrated. The 
residue was dissolved in dry DMSO (5ml) and the pH adjusted to 8.5 with 
triethylamine. Solid 4-nitrophenyl N,N,N-trimethylglycinate chloride (0.50g; 
1 :8mmdl) was then added and the ndicture stirred overnight^atiroom temperature. 
20 The cloudy solution was then concentrated (50*/10'* mmHg) and the residue 

partitioned between water and dichloromethane. The aqueous layer was separated, 
washed with dichloromethane (3X) and ethyl acetate, and then concentrated to 
give an oil (1.128g). The crude product was purified by gel filtration (Sephadex 
LH20; water) to g^ve the N,N,N-trimethylglycinamide terminated 
25 BHAlyslys2lys4lys,lyS|6 dendrimer (1 16mg). "C nmr (DjO): 6 25.5, 30.5, 30.8, 

33.4. 42.1. 56.5, 57.1, 67.5, 68.1, 166.7. 167.0. 167.1. 176.0, 176.2. 

EXAMPLE 15;, Preparation of 4-TrimethylaLiiimomambenzamidc terinfaiated 
dendrimers 

30 

PAMAM 4.0 (Compound No. 16) 
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l,r-Carbonyldiimidazole (85mg; 0.52minol) was added to a solution of 4- 

trimethylammoniumbenzoic acid iodide (1 54mg; O.Smmol) in dry DMF (4ml) and 

the mixture stinred at room temperature under argon for two hours. During this 

time a white solid separated from the solution. A solution of PAMAM 4.0 (58mg; 

5 0.01 Immol) in dry DMF (2ml) was then added and the mixture stirred overnight 

at room temperature. After this time most of tfie precipitate had dissolved and a 

•i4 

ninhydrin test of the solution was negative. The mixture was concentrated (10 
mmHg; 30^) to give a white solid residue. The crude product was purified by gel 
filtration (Sephadex LH20; 10% AcOH) to give PAMAM 4.0 terminated with 24 
to 4.trimethylammoniumbenzamide groups as ^ acetic acid salt (89mg). H nmr 

(DjO) : 1.96; 2.65-2.85; 3.25-3.55; 3.64; 7.92. ^^C nmr (DjO) : 6 25.8; 33.1; 
33.5; 38.7; 43.1; 43.5; 53.5; 54.1; 56.4; 61.2; 124.8; 133.6; 139.9; 153.2; 173.2; 
176.3; 176.8; 182.6. 

15 The corresponding PAMAM 2.0 dendrimer terminated with 6 4- 

trimethylammonium benzamide groups was similarly prepared. 

EXAMPLE 16 Preparation of 4-(TrimethyiammoniiimmethyI)benzamide 
terminated dendrimcrs 

20 

PAMAM 4.0 (Compound No. 17) 

Solid 4-nitrophenyl 4-(chloromediyl)benzDate (150mg; O.Smmol) was added to a 
stincd solution of PAMAM 4.0 (52mg; O.Olnmiol) in dry DMSO (3ml). The 
resulting yellow solution was stirred at room temperature fi)r 20 hours, when a 
25 ninhydrin test was negative (pH ca.8.5). The solution was then concentrated (10 

^mmHg; 40°) and the residue shaken widi a mixture of water and 
dicUoromethane (1:1). The insoluble gel-like material was collected by filtration, 
washed with water (2X) and dichloromethane (2X), and thai air dried. The crude 
4-(chloromethyl)benzaimde terminated dendrimer was dissolved in 25% aq. 
30 trim^thylamine (20ml) and the yellow solution left to stand overnight The 

soludon was then concentrated, th& residue dissolved in water (5ml) and the 
solution passed through a column of Amberlite IRA-401 (OH). The colourless 
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filtraie was concentrated to give a viscous oil which was purified by gel filtration 
(Scphadcx GIO; 10% AcOH) to give PAMAM 4.0 terminated with 24 4- 
(trimethylammoniummethyObenzamide groups {90mg). H nmr (D2O) : 6 1.88; 
2.65-2.80; 2.98; 3.10-3.60; 7.52 (br d, J=9Hz); 7,72 (br d, J-9Hz). C nmr 
(D2O) : S 26.6; 33.4; 38.8; 43^; 43.5; 53.6; 53.6; 54.1; 56.8; 62.8; 73.0; 132.1; 
135.3; 137.5; 140.0; 176.4; 176.9; 183.6. 

EXAMPLE17 Preparation of N-(2 - Acetbxy et hy 1)-N ,N- 
(dimetbyiammonium)methylcarbDxamide terminated 
dendrimers 



PAMAM 4.0 

Solid l,r-carbonyldiimidazDle (85mg; 0.52mmol) was added to a solution of N- 
(2-acetoxyethyl)-N-(caiboxymethyl>-N,N-<iimethylammonium bromide (135mg; 
0.5mmol) in dry DMF (3ml) and the resulting solution stirred under nitrogen for 
two hours. A solution of PAMAM 4.0 (60mg; 0.012mmol) in DMF (2ml) was 
then added, v4uch caused the immediate formation of a fiocculant precipitate 
which slowly redissolved. The mixture was stirred for two days and then 
cbnceihtrsted (i n"^ mTnH g;^ 40*^)^ tQ^give>>a^viscous. oil.*.The . cnide^tffoduct was 
purified by gel filtration (Sephadex GIO; 10% AcOH) to give PAMAM 4.0 
terminated with 24 N - ( 2 - A c e t o x y e t h y 1 ) - N , N - 
(dimethylammonium)methylcarboxamide groups (64mg). H nmr (D2O) : 6 1 .93 ; 
2.05; 2.70; 3.10-3.60; 3.28; 3.93 (m); 4.14; 4.48 (m). ^^C nmr (DjO) : 6 24.6; 
26.2; 33.2; 38.7; 42.8; 42.9; 53.9; 57.4; 62.6; 67.3; 67.5; 168.9; 176.4; 176.8; 
177.3; 183.2. 

EXAMPLE 18 Preparation of Guanidino terminated dendrimers 
PAMAM 4.0 (Compound No. 18) 

A solution of PAMAM 4.0 (63mg; 0.012mmol) and methylthiopseudourea sulfete 
(170m© O.eimmol) in water (5ml) (pH 10.5) was heated under nitrogen at 80 
for two hours. The solution was then concentrated and the residue purified by gel 
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fiitration (Sephadex GIO; 10% AcOH) to give PAMAM 4.0 terminated with 24 
guanidino groups as the acetate salt (107mg). nmr (DjO) : 6 2.00; 2.80 (br t); 
3.09 (br t); 3.32; 3,45 (br t); 3.60 (br t). ^^C nmr (DjO) : 6 25.2; 33.2; 33.4; 
38.7; 41.2; 42.6; 43.4; 44.7; 53.5; 54.0; 56.3; 176.5; 176.7; 176.9; 181.6. 

5 

The corresponding PAMAM 2.0 dendrimer terminated with 6 guanidino groups 
was similarly prepared. 

EXAMPLE 19 Preparation of 4-(Il,4,8,ll- 
10 tetraazacyclotetradecane]methy])beiizamide terminated 

dcndrimers 

PAMAM 4.0 (Compound No. 1?) 

A solution of 1 -(4-carboxyphenyl)methyl- 1,4,8,1 1 -tetraazacyclotetradecane tetra 

1 5 hydrochloride ( 1 20mg; 0.25mmol), N-hydroxysuccinimide (60mg; 0.52mmol) and 

1 -(3-dimethylaminopiopyl)-3-cthylcarbodiimide hydrochloride (25Qmg; 1 .3mmol) 

in pH 7 phosphate buffer (10ml) was allowed to stand a room temperature for one 

hour and then a solution of PAMAM 4.0 (32mg; 0.006nunol) in pH 7 phosphate 

bu£fer (IChnl) added. The mixture was allowed to stand for two days and'then 

20 concentrated. The residue was purified by gel filtration (Sephadex LH20;' 10% 

AcOH) to give PAMAM 4.0 terminated with ca. 12 4-([1.4,8,ll- 

1 13 

tetraazacyclotetradecane]methyl)benzamide groi^ as determined by H and C 
nmr (80mg). The product was then dissolved in water and passed through a 
column of AmberUte IRA-401 (CI) resin and dien concentrated. The residue was 
25 dissolved in water (1ml), concentrated HCl (1ml) added, and the solution diluted 

J with ethanol (30ml) to precipitate a white solid. The solid was collected by 

filtration (68mg). Once again and ^ ^C nmr showed ca. 50% fimctionalisation 
of ^ terminal amino ^ups. ^H mnr (D2O) : 6 2.17; 236; 2.50; 2.78; 2.85; 
3.25; 3.40; 3.50; 3.60; 3.62; 4.49; 7.63 (br d); 7.78 (br d). ^^C mnr (DjO) \ 6 
30 22.7; 23.1; 33.2; 38.8; 39.9; 40^; 40:3; 41.0; 41.2; 42.0; 42.9; 43:1; 43.6; 45.5; 

46.1; 49.1; 52.2; 53.9; 54.3; 56.6; 62.7; 132.5; 135.7; 137.1; 139.7; 174J; 176.2; 
176.3; 176.7; 177.0; 178^; 178.5, ^ 
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EXAMPLE 20 Preparation of 4-Carboxy-3-hy<iroiybeii2ylamiiic terminated 
dendrimers 

PAMAM 4.0 (EDA) 

5 Sodium cyanoborohydride (32mg; O.Smmol) was added to a mixture of PAMAM 

4.0 (EDA) (69mg; O.OlmmoI), 4-formyl-2-hydro«ybciizoic add (83mg; O.Smmol), 
and sodiixm hydrogen carbonate (42mg; 0.5mmol) in water (4m]). The 
inhomogeneous orange mixture was stirred for four hours at room temperature, 
during which time it became homogeneous. The orange solution was then 

10 concentrated and the residtie purified by gel filtration (Sephadex LH20; water) to 

give PAMAM 4.0 (EDA) terminated with ca. 32 4-carboxy-3-hydroxybenzylamine 
groups (91mg). and^^C nmr (DjO) shows mostly mono alkyladon but with 
some signs of dialkylation of the terminal amino groups, both spectra show broad 
peaks. "C nmr (DjO):^ 37.0; 41.1; 50.9; 53.4; 55.5; 55.8; 61.5; 120.9; 

15 122.2; 122^4; 132.3; 132.7; 135.0; 135.8; 163.5; 163.7; 169.0; 178.6; 179.3. 

nmr (D2O): S 2.20; 2.35; 2.60; 3.15; 3.30; 3.55; 4.25; 6.68; 7.12; 7.55. 

EXAMPLE 21 Test for anticoagalant activity 

20 Bovine blood was collected from the abattoir, vAim an animal was bled into a 

bucket containing sodium citrate at a concentration of 3.5g per litre of fresh blood. 
This blood was returned to the laboratory where it was kept in a 37**C water bath. 



25 Aliquots of the v^le blood were then ccntrifugcd at 3000rpm for 5 minutes to 

separate the plasma. This was collected and returned to the water bath. Extra 
plasma was also prepared and stored in liquid nitrogen for later testing. 

The procedure actually tests the recalcification time of the citcated blood at ST'^C. 
30 AU glassware vras washed, dried and silated vdlh^Coatasil* befm 

drying. Each 12 X 75mm culture tube contained 0. 1ml of plasma, 0. 1ml of saline 
sohxdon (0.9% NaCl) followed by O.lml of 0.025M CaQ, at which time the stop 
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watch was started. Every 15 sec the tube was tilted to one side and clotting was 
assessed. When a firm clot had fonned, the watch was stopped and the time 
recorded. In the case of testing anti-coagulants O.l ml of the test substance 
replaced the saline. The times for a range of concentrations for the test con^raunds 
5 are recorded in Table 1 . Heparin, sodium citrate and test compouond were made 

up in water as lOmg/ml solutions. These solutions were diluted to give a range of 
concentrations. The final concentrations in the test tubes are given in the table. 
The figures in the table represent average times for, up to ten replicates. 



TABLE 1 





Time for plasma coagulation at 37"C 1 
for following concentrations of anticoagulant Q 


Compound 


Control 
s 


0.0003 
mg/ml 


0.003 
mg/ml 


0.03 
mg/ml 


0.33 
mg/ml 


3.33 J 
mg/mt ( 


Heparin 


2.29min 


2.30min 


>30min 


>30mln 


>30nnin 




Sodium citrate 


2.29min 






2.30nnin 


2.30mln 


>30min 


Compound No.1 


2.11min 






2.29min 


4.00mbi 


>30mln 


Compound No.4 


2.08min 






1.72mln 


I0.00mln* 


>30min 


Compound No. 15 


2.20min 




2.34min 


7mln* 


8mln* 




1 Compound No.9 


2.27mtn 




2.igmtn 


4mtn 


5.40mln' 





EXAMPLE 23 Test for antiviral activity. 

TTie results of tests of activity against HTVl, HIV2, CMV and various herpes 
sfanplex viruses (HSV) are recorded in Tables 2 to 5, respectively. 
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TABLE 2 



HIV 1 Activity Results 





Dendnmer 

■ 


1 TerminaJ Group 


EC50 1 CCsO MM 


Antiviral 
Index 


(1) 


PAMAM4.0 


s 

-N*^ NH 

"0 

SObNa 


0.0492 


>125 


>2543 




24 end groups 








(2) 


PAMAM5.0 


S 
u 

-N NH 

"0 

SQsNa 


0.0096 


>n 


>1180 




48 end groups 


















(3) 


PAMAM 4.0 (EDA) 


S 
u 

-N NH 

"0 

SG^Na 


0.0142 


>17^ 


>1212 




32 end groups 








<4) 


BHAiysi5lysi6 


S 

-N^NH 

"0 

SObNa 




MM 


im 




32 end groups 








(5) 


BHAlys3ilys32 


S 
u 

-N NH 

0 

SQiNa 


0.0332 


>10 


>320 




64 end groups 








(6) 


BHAlys63lys64 


S 

-N^NH 

0 

SCbNa 


0.0530 


>5 


>100 




128 end groups 








(7) 


PAMAM 4.0 
24 did groups 


S 

-N'^NH 
NaO^''^^^ SQjNa 


0.003 


>18.8 


>9091 



SUBSTITUTE SHEET (RULE 26) 
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PAMAM 4.0 
24 end groups 



PAMAM 4.0 
24 end groups 

PAMAM 4.0 
24 end groups 

PAMAM 4.0 (EDA) 
32 end groups 

BHAlysi5lysi6 
32 end groups 

PAMAM 4.0 
24 end groups 

PAMAM 4.0 
24 end groups 

BHAlysislysie 
32 end groups 
PAMAM 4.0 
24 end groups 



S 




- 31 - 



0.0694 



SGbNa 



0.0032 



NaOaS 



SCbNa 



0.0041 



NaOaS 



SO^Na 



NaOsS 



SG^Na 



S 

Vri 



0.0088 



SCbNa 



'SCbNa 



J. 



Me5NCH2CX)NH — - 



CX)NH- 




SUBSTITUTE SHEET (RULE 26) 



1.0051 



0.0088 



0.2849 



0.0725 



1.2559 



>125 



>14 



>12.9 >2537 



>15 



>20 



>24 



>25 



>125 



>25 



>300 



>39000 



>3500 



>1700 



>2737 



>88 



|>1720 



>20 
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(17) 


PAMAM 4.0 
24 end groups 


CONH- 


0.2973 




o 
O 


(18) 


PAMAM 4.0 
24 end groups 


NH 


0.2739 


3.4983 


13 


(19) 


PAMAM 4.0 
ca. 12 end groups 




0.0538 


3.2183 


60 



SUBSTTTUTE SH EET (RULE 26) 
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TABE£ 3 



HIV 2 Activity Results 



roendrimer 


Terminal Group 


ECsO 


CCsO MM 


Anti viral 
Index 


PAMAM4.0 


X 

-N NH 

"0 

SObNa 


0.2237 


>125 


>560 


24 end groups 








.PAMAM5.0 


S 
u 

-N NH 

gi 


0.1490 


>n 


>76 


48 end groups 








PAMAM 4.0 (EDA) 
32 end groups 


50b Na 

s 

-N"^NH 

0 

SObNa 


0.2368 


>17.2 


>73 










BHAlysi5lysi6 


0 

SObNa 


0.1130 


108.041^ 




32 end groups 








BHAlys3llys32 


X 


0.2063 


>10 


>52 


64 end groups 


-N NH 

SCbNa 








BHAlys63lys64 


S 

-N"^NH 

0 

SQiNa 


0.2227 


>5 


>24 


128 end groups 








PAMAM4.A 
24 end groups 


s -. 


0J24 




>77 













(1) 



(2) 



(3) 



(4> 



(5) 



(6) 



(7) 
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(8) 


24 end groups 


s 

-N-^ NH 

SO^Na 


0.4i>15 


>50 


>45 


(9) 


PAMAM4.0 
24 end groups 


S 

-N^ NH 

NaOgS "^'^^'^fex^ sa,Na 


0.0o74 




>loj4 


(10) 


PAMAM4.0 


S 




>i4 






24 end groups 








(11) 


PAMAM 4.0 (EDA) 
32 end groups 


S 

-N^ NH 

NaO^^^^s^"'^^ SObNa 


0.0234 


>12.9 


>551 


(12) 


BHAlysi5lysi6 
32 end groups 


S 
11 

-N-^ NH 

NaO^'^-''*^^'^ SCJ^Na . . 


0.1778 


>15 


>85 








.,. . ■ v. -ft. 




(13) 


PAMAM 4.0 
24 end groups 


H o 

— 

SC^Na 


0.1080 


>24 


>222 


(14) 


PAMAM 4.0 
24 end groups 




6.002 


>25 


>4 


(15) 


BHAlysi5lysi6 
32 end groups 


Me3Nai2CX)NH 


>125 


>125 




(16) 


PAMAM 4.0 
24 end groups 


CONH- 


>25 


>25 
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I J./ J 


PAMAM4.0 
24 end groups 


CONH- 


>7.175 


7.175 


<1 


(18) 


PAMAM4.0 
24 end groups 


NH 


>1U.B17 




^1 
^1 


(19) 


PAMAM 4.0 
ca. 12 end groups 




0.2175 


2.4245 


11 
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"I 

TABLE 4 



Activity against Human Cytomegalovirus Cell culture(Davi3 strain) 



1 Compound 


EC50 (pgfmi) 


CC50 (^ml) 1 


Compound No. 15 


1.0 


^250 j 


1 Compound No. 9 


0.2-<0.4 


^250 1 



Tests in human embrionic lung cells (HEL). 

IC50= Inhibitoiy concentration to reduce virus plaque by 50 % 

CC50=Cytotoxic concentration required to rediioe HEL cell growth by 50% 



TABLES 

Activity of BRI compounds against miscellaneous viruses. 



Nfinimmn Inhibitory Concentradon'* Oig/ml) 



Compound 


Minimum 
Cytotoxic 
Concentratton* 


Herpes 
simplex 
virus-1 
(KOS) 


Herpes 
simplex 
virus-2 
(G) 


Herpes 
simplex 
viru»-1 
TK-B2006 


Herpes 
StmptSK 
virus-1 
TK-VMW1837 


Compound 

NO;4 


^400 


70 


7 


150 


70 


Compound 
N0.20 


^400 


7 


20 


20 


20 



Required to cause a microscopically detectable alteration of nonnal 
morphology. 



Required to reduce virus-induced cytopathogenicity by 50%. 
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CLAIMS: 

1. An antiviral compoimd comprising a dendrimer having a plurality of terminal 
groiq)s wherein at least one of said terminal groiqis has an aniotiic- or cationic- 
containing moiety bonded thereto. 

2- A compound according to claim 1, wherein said dendrimer, con^mses a 
polyvalent core covalently bonded to at least two dendritic branches, and extends 
through at least two generations. 

3. A compound according to claim 1 or claim 2, i^iterein said dnKirimer is a 
polyamidoamine dendrimer based on an ammonia core. 

4. A compound according to claim 1 or claim 2, i^erein said dendrimer is a 
polyamidoamine dendrimer based on an ethylene diamine core. 

5. A compound according to claim 1 or claim 2, in^ierein said dendrimer is a 
polylysine dendrimer based on a benzhydrylamine or other suitable core. 

6. A conq>ound according to any of claims 1 to 5 wherein said anionic- or cationic- 
containing moiety or moieties are bonded to terminal amine, sulfhydryl, hydroxy 
or other reactive functional tenninal groups of said dendrimer by amide or 
thiourea linkagfts. 

7. A compound according to any of claims l .to 6 wherein said anionic-contaimng 
moiety or moieties are sulfonic acid-containing moieties or carboxylic acid- 
contaimng moieties. 

8. A compound according to any of claims 1 to 6 ^n^ieran said oationic-containing 
moiety or moieties arc trimetixyLamnipniiun-cont^ining moieties or polyamino- 
macrocycU&-containing moieties. 
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9. A compound accoTding to any of claims 1 to 6, wherein the moiety or moieties 
^^ch are bonded to amino or other reactive fimctionai tenninal groups of the 
dendrimer are selected from the following groups: 



-NH(CHy.^- {CH2)„SQ3- Ar(SQa-)n 

-CH2CH(S03lCOOH CHtSOalCHsCOOH ArXCOy^Oj- X - O, S. NH 

+ + + 
-(CH2)nNMe, Ar(NMe3)„ Ar(CH2NMe3)o 
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in which n is zero or a positive integer. 

10. A compound according to any of claims 1 to 6 which is an alkylsuifonic acid 
terminated dendrimer. 

11. A con^und according to any of claims 1 to 6 v/bich. is a sulfoacetamide 
terminated dendrimer. 

12. A compound according to any of claims 1 to 6 wliich is a sulfosuccinamic acid 
terminated dendrimef . 

13. A compound according to any of claims 1 to 6 -wliich is a N-(2-sulfoethyI) 
succinamide terminated dendrimer. 

14. A compound according to any of claims 1 to 6 wherein the moiety bonded to the 
terminal groups of the dendrimer is an aryl or heteroaryltiiiourea substituted with 
one or more sulfonic acid groups. 

15. A con^und according to claim 14 vs^di is a 4-sulfophenylthiourea tenninated 
dendrimer. 

16. A compound according to claim 14 y/hioh is a 3,6-di-sulfonapthylthiourea 
terminated dendrimer. 

17. A compound according to claim 14 vtiiich is a 4-sulfon^]tbylthiourea tenninated 
dcndnmef • 

18. A compound according to claim 14 vMch is a 3,5-di-sulfophenyldiiouica 
tffnninflt^d dcndnmcr* 

19. A compound according to claim 14 which is a 3,6,8-tii-sulfonapthylthiourea 
terminated dendrimer. 
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20. A con^jound according to any of claims 1 to 6 wherein the moiety bonded to the 
terminal groups of the dendrimer is an aiyl or heteroaryl amide substituted ^th 
one or more sulfonic acid, sulfoalkyl, sulfoalkoxy, sulfoalkylamino or 
sulfoalkylthio groups. 

21. A conqwimd according to claim 20 v/idch is a 4-(sulfometbyI) benzatnide 
terminated dendrimer. 

22. A compound according to claim 20 v/bich is a 4-suifobenzamidc terminated 
dendrimer. 

23. A compound according to any of claims 1 to 6 wherein the moiety bonded to the 
terminal groups of the dendrimer is an aryl or heteroaryl alkanamide substituted 
with one or more sulfonic acid groups. 

24. A compound according to claim 23 which is a N-(4-sulfophenyl) propanamide 
terminated dendrimer. 

25 . A conqxjund according to^any^of>-claims 1 to 6 wherein.the^moiety botided.to. the 
tenninal groups of the dendrimer is an aryl or heteroaryl urea substituted with one 
or more sulfonic acid groups. 

26. A compound according to claim 25 which is a 4-5ulfophenyiurea terminated 
dendrmtier. 

27. A compound according to any of claims I to 6 wherein the moiety bonded to die 
terminal groups of the dendrimer is an N,N,N-trimethyl derivative of an amino 
acid. 

28. A compound according to claim 27 which is a N,N,N-tTi-metfaylglyctnamide 
tenninated dendrimer. 
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29. A compound according to any of claims 1 to 6 wherein the moiety bonded to the 
terminal groups of Ae dendrimer is an aiyl or heteroaryl amide substituted with 
one or more trialkylmnino, trialkylaminoalkyl, trialkylammoalkyloxy, 
trialkylaminoalkylamino or trialkylaminoalkylthio groups. 

30. A compound according to claim 29 ^ch is a 4-trimethylammoniiim benzamide 
terminated dendrimer. 

31. A compound according to claim 29 which is a 4-(ttimethylammonium 
methyl)benzamide terminated dendrimer. 

32. ' A compound according to any of clainas 1 to 6 which is a N-(2-acetoxyethyl)- 

N^-(dimethylammonium)methylcarboxamide terminated dendrimer. 

33. A con^und according to any of claims 1 to 6 vfiach is a guanidino terminated 
dendrimer. 

34. A compound according to any of claims 1 to 6 wherein the dendrimer is a 
macrocyclic polyamino gcottp containing one or more macrocyclic rings connected 
through an alkyl or aiyl spacer moiety to the teraainal group of the dendrimer. 

35. A compound according to claim 34 which is a 4-([l ,4,8,1 1-tctra- 
ftTOr;yniritfft niHprfMiiiff ]nifftVy^)^^'Tt7flmH'^ terminated dendrimer. 

36. A compound accordmg to any of clauns 1 to 6 which is a 4-carboxy-3-hydroxy- 
ben^amine tenninated dendrimer. 

37. A phannaccutical or veterinary composition for prophylactic or Aer^jeutic 
andviial treatment of a human or non-human animal, which comprises a 
ccmipound of any of claims 1 to 36, in association with at least one 
phacmaceutically or veterinarily acceptable carrier or diluent 
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38. A method for prophylactic or therapeutic antiviral treatment of a human or non- 
human animal* which comprises administering to said human or animal or 
prophylactic* or ther^seutic-antiviral-effective amount of a compound of any of 
claims 1 to 36. 



39. A method according to claim 38, herein said antiviral treatment is treatment of 
infection by HIVl or HIV2, Hepatitis B or C, Bovine Viral Diarrhoea Virus. 
Human Influenza Virus A and B, Rhinovirus, Human Parainfluenza Virus, 
Respiratory Syncytial Virus (RSV), Varicella Zoster Vims (VSV), Human 
cytomegalovirus (CMV), Epstein Barr Virus (EBV), Human P^illoma Virus 
(HPV), Adenovirus-8, Herpes Simplex Virus (HSV) type 1 and 2, Measles Virus, 
or Vedcular Stomatitis Virus (VSV). 

40. Use of a compound of any of claims 1 to 36, in the prophylactic or therapeutic 
antiviral treatment of^ or in the manufacture of a medicament for prophylactic or 
therapeutic antiviral treatment of, a human or non-himian animal. 
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